• We examined the effect of heightened awareness of observation on food intake.
Introduction
Human eating behaviour is often studied in the laboratory [1] [2] [3] . A potential methodological issue of such research is social desirability on the part of the participant [4] . Because people form impressions and stereotypes based on how much or what a person eats [5] [6] [7] [8] , if a participant were to believe that their food consumption was being measured in a study, this may cause them to alter their eating behaviour [4, 9] . In line with this notion, a recent meta-analysis has shown that when females feel as though their behaviour is being observed in the laboratory they significantly reduce their energy intake [10] . However, a limitation of this meta-analysis was that most studies had only measured intake of energy dense snack foods, such as cookies. There is reason to believe that consumption of other food types may be affected by heightened awareness of observation. For example, when people self-report their food intake a wide variety of different food types are under-reported, including snack foods and meal foods high in fat [11, 12] . Under-reporting of food intake is likely to be in part be caused by self-presentation concerns [13] . Likewise, in a recent study, Stubbs et al. [14] found that, when female participants were led to believe that their food intake was being closely measured, they reduced their energy intake and this was apparent for energy derived from fat, protein and carbohydrates. However, in a different study, Thomas et al. [15] told female participants that there was a hidden set of scales weighing their plate during a meal and found little evidence that this experimental manipulation influenced consumption of two different test foods (pasta followed by cookies).
Given that a large number of laboratory eating behaviour studies involve consumption of multi-item test meals [3, [16] [17] [18] [19] , in the present study our aim was to examine whether heightened awareness of observation affects consumption of different food items (e.g. savoury and sweet, high and low fat) during a lunchtime test meal. This was to assess whether awareness of observation may influence intake of the high fat 'unhealthy' foods offered differently to the low fat foods, on account of self-presentation concerns. A novel secondary aim of the present work was to explore whether individual differences moderated the influence that heightened awareness of observation has on food intake. In the aforementioned recent meta-analysis, whether participant weight status or eating traits [20] (e.g. restrained, disinhibited or emotional eating), moderated the influence of heightened awareness of observation on food intake was not examined due to a lack of data. However, there has been some suggestion that overweight individuals are particularly self-conscious of their weight and eating behaviour [21, 22] , so could be more likely to eat minimally when awareness of observation is heightened. Likewise, it has been suggested that restrained eaters are particularly conscious of how their eating behaviour is perceived by others [10, 23] , as indicated by dietary restraint predicting greater under-reporting of energy intake [24] . Moreover, disinhibition and emotional eating have been shown to predict food intake in the laboratory [25] [26] [27] and it is conceivable that they may be moderators of the influence that heightened awareness of observation has on food consumption.
We hypothesised that heightened awareness of observation would affect participant food intake. More specifically, in line with recent work from our laboratory [4] , we predicted that heightened awareness would reduce consumption of cookies (a high fat, 'unhealthy' food item) and we tentatively hypothesised that the consumption of other high fat meal items may also be reduced. With regard to individual differences, we hypothesised that heightened awareness may reduce food intake among participants who would be likely to have raised selfpresentation concerns, e.g. overweight and obese participants and restrained eaters. We did not have strong a-priori hypotheses concerning the moderating effects trait disinhibition or emotional eating may have on the influence of heightened awareness.
Method

Sample
To be consistent with existing research on heightened awareness of observation of food intake [10] and to be able to recruit a homogenous sample of participants, we recruited females only. We powered the study based on a comparable study that had been recently conducted in our laboratory [4] . In that study, heightened awareness of observation had a statistically large effect on food consumption. A power calculation with 95% power, d = 0.8, p b 0.05 indicated that we would require 84 participants to detect significant differences in food intake between the two conditions in the present study. However, we were mindful that the size of any meaningful effects observed in the present study (e.g. secondary moderation analyses) may be smaller in size. Thus, because of practical constraints we made a pragmatic a-priori decision to recruit a minimum of 84 participants, but to collect data for up to nine months from study start and recruit as many eligible participants as was feasible in this time frame.
Participants
One hundred and twenty two participants were recruited from 1st year psychology students at a UK university campus, university staff or the surrounding community. To disguise the aims of the research, the study was advertised as examining 'mood, cognition and satiety'. Participants were reimbursed a small cash sum or could instead receive course credit (1st year psychology students only). Participants who registered interest in the study were only eligible for participation if they were female, aged 18 years or older, had no known history of food allergies and were not vegetarians. All procedures were approved by the University of Liverpool Research Ethics Committee. Written informed consent was obtained from all participants.
Cover story
Participants were led to believe that the study assessed the influence of meal consumption on mood and cognitive ability. To corroborate the cover story, participants were asked to complete mood measures before and after being served the lunch meal. Shortly after the meal participants were also asked to complete a short cognitive task which involved line tracing the outline of two shapes as accurately as possible using their non-dominant hand.
Design
Participants were randomly assigned to one of the two conditions in a between-subjects design; 'heightened awareness' or 'less aware'. Either a male or female researcher aged between 18 and 24 years old oversaw laboratory sessions (5 researchers in total ran individual study sessions). We examined whether the researcher running the session, or their gender, affected any of our reported results (when controlled for and when included as a factor in analyses) and found no evidence that they did, so did not include this as a factor in our main analyses (see online supplemental materials).
Manipulation
In the 'heightened awareness' condition, prior to consuming their lunchtime meal participants were given a set of written instructions which stated; 'In this study we want to examine your eating behaviour and food intake (i.e. how much you eat of each food). Because of this, in this section of the study you will be served some lunch foods. You can eat as little or as much of each food as you like and after you have finished eating we will later weigh each plate to work out how much you have eaten. Also, after you have finished eating you will be asked to complete a simple pen and paper cognitive task.' In the 'less aware' condition the instructions read; 'In this study we want to examine cognitive performance and mood at different times of the day (e.g. mid-morning, after eating lunch, in the evening etc.). Because of this, in this section of the study you will be served some lunch foods. You can eat as little or as much of each food as you like. After you have finished eating you will be asked to complete a simple pen and paper cognitive task.' In both conditions the researcher verbally checked that the participant understood the instructions.
Test foods
Participants were served a multi-item lunch meal on a tray which consisted of commonly consumed UK lunch items on well stocked individual plates (see Table 1 ) and a large glass of water. We selected the lunch meal food items in order to have a balance of food items which were high and low in fat and which most participants would perceived as being 'healthy' and 'less healthy'. Data collected during the session supported this with participants rating the high fat options (cookies, crisps and sausage rolls) as more unhealthy and the low fat options (sandwich, rice cakes and grapes) as more healthy on 100 mm VAS scales (see procedure).
Procedure
Participants attended a session that took place between 12:00 pm-2.30 pm and were asked to abstain from eating in the two hours prior to the session. Sessions took place in a cubicle in the Kissileff eating behaviour laboratory. On arrival the researcher described the cover story to the participant and explained what would happen during the session. After providing consent, participants completed a medical history questionnaire to ensure that they did not have any foodrelated allergies. Participants next provided demographic information (gender, age, ethnicity) and completed a set of 11 paper based 100 mm visual analogue scales (left hand anchor: not at all, right hand anchor: extremely) to measure appetite (hunger, fullness, desire to eat; e.g. 'how hungry do you feel right now?') and various mood dimensions in line with the cover story. At the end of the mood ratings, the experimental condition manipulation information was provided. When participants had read the instructions they were asked to alert the researcher (using a buzzer). In order to ensure that participants had read and understood the information provided the researcher then asked participants to confirm that they understood the aims and verbally reiterated the instructions. The researcher then brought the lunch meal to the participant and explained that they had up to 20 min to eat as much or as little as they desired. At this point the researcher left the room and timed meal duration. When the participant had finished eating or after the timed 20 min had elapsed (this occurred in 15% of participants), the researcher returned and removed the lunch.
After lunch, to further corroborate the cover story participants were asked to complete the line tracing task. They then repeated the appetite and mood VAS. Participants were then asked to rate the palatability of the meal items (including liking of each individual item in the meal and how much they would normally like eating each meal item) to determine acceptability, before rating how 'unhealthy' they believed each item was using 100 mm VAS scales (anchors: not at all, extremely). After this participants were asked to write down what they thought the aims of the study were, before completing a short questionnaire about their experience in the study. Embedded within this questionnaire was a manipulation check item 'I felt as though the amount of food I was eating would be measured by the researcher' (5 point Likert scale, strongly disagree to strongly agree). Participants then completed the 21 item Three Factor Eating Questionnaire [20] ; this resulted in sub-scores [1] [2] [3] [4] for dietary restraint, disinhibition and emotional eating. Next participants were weighed and measured in order to calculate BMI. Finally, participants were debriefed, thanked and compensated for their time.
Main analysis strategy
We first examined whether there were any between condition differences for participant characteristics and baseline variables; age, baseline hunger, BMI and eating trait sub-scores (restraint, disinhibition, emotional eating) of the TFEQ. Our primary research question was whether consumption of meal items was significantly reduced in the heightened awareness condition compared to the less aware condition. To test this we used independent sample t-tests for each of the test meal items. A secondary aim was to examine potential moderators of the effect that heightened awareness had on food consumption. To test this we examined whether participant weight status (normal weight vs. overweight/obese) or any of the TFEQ sub-scores interacted with the effect of condition in a series of 2 × 2 between-subjects ANCOVAs; we categorised participants as high or low scorers for each of the TFEQ sub-scales using median splits [28, 29] . When examining the independent moderating effect of participant BMI we controlled for the three TFEQ sub-scales as covariates in the ANCOVA. Likewise, when examining the independent moderating effect of a TFEQ sub-scale grouping we controlled for participant BMI and the remaining two TFEQ sub-scales. If we observed evidence of moderation, we then conducted separate independent sample t-tests and because these analyses were exploratory in nature, we did not correct the statistical significance level of these tests for multiple comparisons. See online supplemental materials for correlations between BMI and TFEQ sub-score variables.
Results
Sample characteristics
Of the 122 recruited participants, eight participants were excluded from analyses resulting in a final sample of 114. Three of the participants were excluded as they did not follow study instructions (e.g. they did not complete the questionnaire measures provided), and five participants directly guessed the aims of the study (e.g. they wrote that they believed the study was about how being observed affected the amount they ate). The mean age of the final sample was 24.3 years (SD = 10.5) and most participants were of Caucasian descent (87%). Measurement error resulted in BMI data being unavailable for three participants and was therefore classified as missing for these participants. The mean BMI of the sample (N = 111) was 23.6 kg/m 2 (SD = 4.60).
Cover story
As noted, only five of all recruited participants (4%) guessed the study aims (one from the less aware condition and four from the heightened awareness condition). The majority of the remaining participants believed the study was about the influence that eating had on mood and/or their ability to complete the line tracing task, indicating that the cover story was effective.
Condition differences for participant characteristics
The two conditions did not significantly differ from each other on BMI, age, baseline hunger or any of the three TFEQ sub-scale scores (ps N 0.10). See Table 2 .
Consumption of test-meal items
Cookie intake
Participants in the heightened awareness condition tended to consume fewer grams of cookies 26% less than participants in the less aware condition, although this difference (p = 0.05, d = 0.37) was not statistically significant at p b 0.05. See Table 3 .
Other meal items intake and total energy intake
Participants in both conditions consumed a similar amount of sandwiches, sausage rolls, crisps, rice cakes and grapes, as well as having a similar total lunchtime energy intake (all ps N 0.25). See Table 3 . 3.5. Awareness of observation 3.5.1. Manipulation check Participants in the heightened awareness condition (M = 4.33, SD = 0.70, 1-5 Likert scale) scored significantly higher than participants in the less aware condition (M = 3.65, SD = 1.04) on the manipulation check measure (t (112) = 4.07, p b 0.001, d = 0.76), indicating that the heightened awareness manipulation did cause participants to believe more strongly that their food intake was being measured. In the heightened awareness condition, 91% (49/54) of participants either strongly agreed or agreed that they felt as though their food consumption would be measured, whilst in the less aware condition this was 67% (40/60) of participants. In line with the between condition differences for food intake, participant awareness of observation was significantly correlated with cookie consumption (r = −0.22, p = 0.016), but not with consumption of any other food items (ps N 0.05).
Sensitivity analyses
We conducted a further analysis only including participants from the heightened awareness condition who reported that they believe their food intake was being measured (n = 49) and participants from the less aware condition who did not report that they believed their food intake was being measured (n = 20). As such, the difference between these two conditions on the manipulation check was now larger (heightened awareness: M = 4.49, SD = 0.51, less aware: M = 2.35, SD = 0.49). Moreover, cookie consumption was now clearly significantly lower (t (67) = 3.25, p = 0.002, d = 0. 74) in the heightened awareness condition (M grams = 17.14, SD = 13.90) compared to the less aware condition (M grams = 30.76, SD = 19.77). In a further sensitivity analysis of the awareness data we examined the effect of just removing the 5 participants from the heightened awareness condition who did not report that they believed their food consumption was being measured. The marginal effect in the full sample (p = 0.05, d = 0.37) of participants eating fewer cookies in the heightened awareness condition vs. less aware condition remained in the same direction and was now statistically significant with these 5 participants removed (p = 0.015, d = 0.48). In both of these sensitivity analyses the results of the reported non-significant differences between the two conditions for consumption of the other meal items remained the same (ps N 0.05).
Moderation analyses
Because we only found evidence that cookie intake was affected by condition, our main moderation analysis examined cookie intake. Note: for full moderation results (i.e. full results of main effects and covariates from ANCOVAs) see online supplemental materials.
BMI
Because there were only a small number of underweight (N = 8) participants (BMI b 18.5) we excluded these participants from the analysis, resulting in two between subjects groups; normal weight participants (BMI = 18.5-24.9) and overweight/obese participants (BMI ≥ 25). In the ANCOVA there was a significant interaction between condition and weight status (F (1, 96) = 4.91, p = 0.03, ηp 2 = 0.05). To interpret the interaction we examined the effect of condition among normal weight participants and overweight/obese participants separately using independent samples t-tests. See Table 4 . Overweight/ obese participants consumed significantly fewer grams of cookies in the heightened awareness condition vs. the less aware condition. Cookie intake did not differ between conditions among the normal weight participants.
Restraint
In the ANCOVA there was a significant interaction between condition and restraint (F (1, 104) = 4.39, p = 0.04, ηp 2 = 0.04). Unrestrained participants consumed significantly fewer grams of cookies in the heightened awareness condition vs. the less aware condition. Cookie intake did not differ between conditions among the highly restrained participants. See Table 4 .
Disinhibition
The interaction between condition and disinhibition approached statistical significance (F (1, 104) = 3.80 p = 0.05, ηp 2 = 0.04). Highly disinhibited participants consumed significantly fewer grams of cookies in the heightened awareness condition vs. the less aware condition (t-test results). Cookie intake did not differ between conditions among the low disinhibition participants. See Table 4 .
Emotional eating
There was no significant interaction between condition and emotional eating (F (1, 104) Table 4 . In a set of additional analyses we examined whether there was any evidence for moderation of the effect of condition on intake for any of the other meal items or total energy intake. We found no evidence of moderation in these analyses (ps N 0.05).
Discussion
Primary findings
The primary aim of the present study was to examine whether heightening participants' awareness that their food intake was being measured during a multi-item laboratory meal affected food consumption. In line with recent findings [4] , we found that the consumption of an energy dense snack food (cookies) was lower in a heightened awareness condition compared to a less aware condition; in our main analysis of the full sample this equated to a 26% reduction in cookie consumption and the size of this effect (d = 0.37) is comparable to that reported in a recently conducted meta-analysis examining the effect of heightened awareness on food intake; d = 0.45 [10] . The size of this effect was larger in sensitivity analyses in which participants were excluded based on the awareness manipulations not being effective. We found little evidence that consumption of any other high or low fat savoury or sweet items (sandwiches, sausage rolls, crisps, grapes, rice cakes) or total energy intake were substantially affected by the experimental condition that participants were assigned to. One interpretation of this finding is that only cookie consumption was reduced in the heightened awareness vs. less aware condition due to raised self-presentation concerns. Cookies are energy dense and high in both fat and sugar, so consuming a large amount of this specific food (as opposed to the other food items) may have raised particularly high concerns about appearing indulgent or greedy. However, specific testing of this proposition is required, because consumption of other 'less healthy' food items in the meal was not lower in the heightened awareness vs. less aware condition.
Secondary findings
The present study also made a novel contribution by examining whether the effect that heightened awareness of observation vs. less awareness of observation had on cookie intake was moderated by participant characteristics. The sample size in these analyses was limited (and in some cases N b 20 per individual cell) and a number of the effects observed were only marginally statistically significant, so caution is needed in interpretation of these exploratory analyses. Participant weight status and trait measures of both dietary restraint and disinhibited eating were found to moderate the effect of experimental condition on cookie consumption. Overweight females, but not normal weight females ate fewer grams of cookies under conditions of heightened awareness vs. less awareness. Individuals with low dietary restraint, but not high dietary restraint, and disinhibited eaters, but not non-disinhibited eaters, ate fewer grams of cookies under conditions of heightened awareness vs. less awareness. However, these findings do not all support our hypotheses regarding self-presentation concerns. In line with our hypotheses, it is feasible that overweight women may feel more conscious of their eating behaviour than normal weight women and so reduced their cookie consumption under conditions of heightened awareness, which is consistent with some findings examining omissions in dietary self-report [30, 31] . It is important to note that in the present study we found little evidence of heightened awareness of consumption reducing cookie consumption among normal weight participants, but in a previous study from our laboratory this was observed [4] . It may be the case that differences in study methodology can explain this effect. In the previous study participants were only provided with cookies to eat and this may have raised all participants' concerns over the appropriateness of the exact number of cookies to eat; whereas in the present study a variety of food items were provided which may have reduced concerns over the appropriateness of how many cookies to eat for normal weight participants. Moreover, it is generally assumed that individuals with high dietary restraint are more concerned about weight and conscious of their eating than individuals with low dietary restraint [23, 24] , so we predicted that heightened awareness may be most likely to reduce food intake among highly restrained eaters. In the present study only participants with low dietary restraint ate less in a heightened awareness condition vs. the less aware condition.
A potential explanation of the present findings relates to how much these different participant sub-groups would normally eat (when awareness is not heightened). The instances in the present study in which participant sub-groups did not reduce their food consumption in the heightened awareness condition vs. the less aware condition may be due to these participants already having a relatively low consumption of cookies (as indicated by consumption data in the less aware condition). For example, the restrained eaters in the present study may have already been restraining their cookie consumption and therefore eating minimally, so the heightened awareness manipulation did not reduce cookie intake any further. Likewise, the same explanation may explain why both normal weight participants and low disinhibited eaters did not eat less under conditions of heightened awareness vs. less awareness. Regardless of why participant individual differences moderate the influence that heightened awareness of observation has on food intake, these findings may indicate that some participant sub-groups are more or less likely to alter their eating behaviour when feeling observed and this could in theory result in erroneous study conclusions if awareness of observation is not minimised. For example, if a specific participant sub-group in a study is eating minimally because of self-presentation concerns, this may produce a 'floor effect' which could diminish any resulting response to an experimentally manipulated variable.
Applied relevance
The validity and limitations of self-report forms of dietary assessment have been studied in some detail [11, 12, 14] . However, the direct effect that participant awareness of observation has on eating behaviour in the laboratory is a relatively new area of investigation. The present study builds on this research and therefore draws attention towards a lesser considered methodological issue in the study of human dietary behaviour. Laboratory methods are designed to understand human eating behaviour in a systematic and controlled fashion and ensuring that behaviour observed in the laboratory will translate to the real world is of obvious importance. To date, there has been little examination of how findings in the laboratory correspond to real world eating behaviour. Although some findings are replicated when studies are conducted in the laboratory and the field, e.g. the influence portion size has on energy intake [32, 33] , other factors which have been shown to influence energy intake in the field are not always reliably replicated in the laboratory [34] and it remains to be seen whether a large number of factors which influence energy intake in the laboratory reliably influence energy intake in the field. One likely difference between laboratory and field studies is that in the field participants are less likely to realise food consumption or eating behaviour are the 'focus' of the research. For example, two meta-analyses have now suggested that the influence portion size and plate size have on food consumption may be reduced when participants are aware that they are participating in an eating study [32, 35] . Therefore, future work would benefit from formally assessing whether the environment in which an eating behaviour study is conducted affects the results observed. Here we focused exclusively on participants' awareness of their food consumption being measured during a study, although a different type of participant awareness is whether or not participants are aware of specific study hypotheses being tested; e.g. whether a manipulated independent variable affects the amount of food eaten. The degree to which participants are blinded to study hypotheses may be another issue of applied relevance which deserves attention, as often this information is not reported and if the hypotheses being tested are transparent, this may produce demand characteristics. Thus, understanding how we can design studies to ensure that findings from the laboratory translate to the real world is an important challenge and addressing participant awareness of observation may be one way of achieving this.
The extent to which the present findings have practical applications for the design of laboratory studies of eating behaviour requires consideration. Here we found little evidence that a number of test-meal items or total energy intake were affected by heightened awareness vs. less awareness, which could be interpreted as evidence that awareness of observation has little influence on energy intake of a multi-item test meal. However, it should be noted that in the present study we did not include an 'unaware' condition; namely a group of participants who did not believe (at all) that their food intake was being measured. Our less aware condition did indeed have a lower score on the awareness of observation manipulation check than the heightened awareness condition, but a relatively high percentage of participants in the less aware condition (approx. 67%, compared to 91% in the heightened awareness condition) did agree or strongly agree that they believed their food intake would be measured by the researcher. Thus, the present study is not well positioned to tell us whether awareness of observation affects consumption of different food items, but rather it tells us what effect heightened awareness has on eating behaviour. It is conceivable that if a study was particularly well disguised, the percentage of participants believing their food intake was being measured would be lower and this might result in participants eating more 'naturally' or 'freely'. For example, rather than participating in a study framed as being related to food or eating (as was the case in the present study), food consumption could be presented to participants secondary to another activity unrelated to eating (e.g. [36] ). It would seem likely that in the latter example participants would be less focused on their own eating behaviour. Thus, there are likely to be varying degrees of participant awareness in laboratory settings. These points considered, we suggest that minimizing participant awareness of observation during laboratory eating behaviour studies may be necessary and the present study results suggest that this is likely to be of particular importance when studies use foods which may invoke self-presentation concerns among females. As discussed elsewhere [4, 10] , formally measuring awareness of observation and participant beliefs about study aims may also aid researchers in interpreting the robustness of their findings.
Limitations
The present study sampled females only so we are unable to draw any conclusions about how heightened awareness of observation affects food intake in males. It may be the case that the individual differences identified in the present study also apply to male populations, but further research will need to directly address this. We also examined food consumption of a small number of food items (which were all non-amorphous) in a single session study. Whether other foods would be affected by awareness of observation (e.g. amorphous foods, such as soup or pasta) is therefore not clear. Likewise, the extent to which heightened awareness of observation may affect energy intake when participants make multiple visits to the laboratory remains unknown. It could be argued that self-presentation concerns would reduce over time and if this were the case then the use of repeated measures/within subjects designs could be a way of minimizing the effects of heightened awareness of observation. Yet, an issue with the use of repeated measures/within subject designs is that participants may be more likely to become aware of the hypotheses being tested and alter their eating behaviour accordingly. As noted, we had relatively small samples sizes when examining the effect of heightened awareness in moderation analyses and the results of these analyses should be interpreted with caution. Further direct testing of potential moderators of the influence that heightened awareness has on food intake in the laboratory is therefore needed before strong conclusions can be drawn. Finally, as discussed, a relatively large proportion of participants in our 'less aware' condition reported awareness of their food consumption being measured. A further 'control' condition in which participant awareness of observation is very low would be useful in future research in order to increase confidence that differences in awareness of observation are responsible for between-condition differences in food intake.
Conclusions
Heightened awareness of observation may cause females to reduce their consumption of an energy dense snack food during a test meal in the laboratory and this effect may be moderated by participant individual differences. These results further suggest that minimizing participant awareness of observation during laboratory eating behaviour studies is of importance.
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